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BATTERY-POWERED APPARATUS, METHOD
OF CONTROLLING THE APPARATUS,
PROGRAM FOR IMPLEMENTING THE
METHOD, AND STORAGE MEDIUM
STORING THE PROGRAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a battery-powered appara-
tus, a method of controlling the apparatus, a program for
implementing the method, and a storage medium storing the
program. In particular, the present invention relates to a bat-
tery-powered apparatus including a remaining battery level
detecting circuit, a method of controlling the apparatus, a
program for implementing the method, and a storage medium
storing the program.

2. Description of the Related Art

Conventionally, there have been known some apparatuses
such as cameras of the type which 1s powered by a battery
disposed within the main body of the apparatus (hereinafter
referred to as “the internal battery”) and a battery externally
connected to the main body of the apparatus (hereinafter
referred to as “the external battery™). If both the internal
battery and the external battery are connected to the appara-
tus, using the external battery takes priority over using the
internal battery.

In the apparatus of this type, one detecting circuit detects
the remaining battery level of the internal battery and the
remaining battery level of the external battery, and the guar-
anteed minimum voltage level for the main body of the appa-
ratus 1s used as a criterion by which the detecting circuit
determines whether to prohibit the use of each battery (see
Japanese Laid-Open Patent Publication (Kokai) No. HO7-
140331, for example).

According to the above conventional art, however, since
one detecting circuit detects the remaining battery level of the
internal battery and the remaining battery level of the external
battery, a difference between the impedance from the internal
battery to the detecting circuit and the impedance from the
external battery to the detecting circuit cannot be taken into
consideration, resulting in a difference 1n end voltage
between the internal voltage and the external voltage. For this
reason, I the unusable voltage level 1s determined with ref-
crence to the internal battery, the capacity of the external
battery cannot be eflectively used.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a battery-
powered apparatus and a method of controlling the same
which make it possible to perform battery check with accu-
racy irrespective of whether a battery 1s used as an internal
battery or an external battery and make the end voltages of the
internal battery and the external battery coincide with each
other, as well as a program for implementing the method and
a storage medium storing the program.

To attain the above object, 1n a first aspect of the present
invention, there is provided a battery-powered apparatus con-
figured 1n such a manner that a battery is directly attached to
the apparatus and an accessory having the battery incorpo-
rated therein 1s attached to the apparatus, comprising: a deter-
mimng unit that determines whether the battery or the acces-
sory having the battery incorporated therein has been attached
to the apparatus; a setting unit that sets a predetermined
voltage threshold level based on a result of the determination
by the determining unit; a detecting unit that detects a voltage
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value of the battery or the accessory having the battery incor-
porated therein; and a deciding unit that compares the voltage
value detected by the detecting unit and the voltage threshold
level set by the setting unit with each other to decide whether
it 1s possible to drive the apparatus.

Preferably, the setting unit sets the voltage threshold level
in such a manner that a voltage threshold level foruse1n a case
where the battery 1s directly attached to the apparatus 1s
higher than a voltage threshold level for use 1n a case where
the accessory having the battery incorporated therein has
been attached to the apparatus.

Preferably, the setting unit sets the voltage threshold level
based on a difference between a power supply impedance
exhibited 1n a case where the battery 1s directly attached to the
apparatus and a power supply impedance exhibited 1n a case
where the accessory having the battery incorporated therein
has been attached to the apparatus.

Preferably, the voltage threshold level 1s set based on a
minimum voltage with which it 1s possible to drive the appa-
ratus.

Preferably, the voltage threshold level 1s set based on a
discharge stop voltage of the battery.

Preferably, the battery-powered apparatus comprises a
camera.

To attain the above object, 1n a second aspect of the present
invention, there 1s provided a method of controlling a battery-
powered apparatus configured in such a manner that a battery
1s directly attached to the apparatus and an accessory having
the battery incorporated therein 1s attached to the apparatus,
comprising: a determining step ol determining whether the
battery or the accessory having the battery incorporated
therein has been attached to the apparatus; a setting step of
setting a predetermined voltage threshold level based on a
result of the determination 1n the determining step; a detect-
ing step ol detecting a voltage value of the battery or the
accessory having the battery incorporated therein; and a
deciding step of comparing the voltage value detected 1n the
detecting step and the voltage threshold level set in the setting
step with each other to decide whether 1t 1s possible to drive
the apparatus.

Preferably, in the setting step, the voltage threshold level 1s
set 1n such a manner that a voltage threshold level for use in a
case where the battery 1s directly attached to the apparatus 1s
higher than a voltage threshold level for use 1n a case where
the accessory having the battery incorporated therein has
been attached to the apparatus.

Preferably, wherein 1n the setting step, the voltage thresh-
old level 1s set based on a difference between a power supply
impedance exhibited 1n a case where the battery 1s directly
attached to the apparatus and a power supply impedance
exhibited 1n a case where the accessory having the battery
incorporated therein has been attached to the apparatus.

Preferably, the voltage threshold level 1s set based on a
minimum voltage with which it 1s possible to drive the appa-
ratus.

Preferably, the voltage threshold level 1s set based on a
discharge stop voltage of the battery.

Preferably, the battery-powered apparatus comprises a
camera.

To attain the above object, 1n a third aspect of the present
invention, there 1s provided a program for causing a computer
to execute a method of controlling a battery-powered appa-
ratus configured in such a manner that a battery 1s directly
attached to the apparatus and an accessory having the battery
incorporated therein 1s attached to the apparatus, comprising:
a determining module for determining whether the battery or
the accessory having the battery incorporated therein has
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been attached to the apparatus; a setting module for setting a
predetermined voltage threshold level based on a result of the
determination by the determining module; a detecting mod-
ule for detecting a voltage value of the battery or the accessory
having the battery incorporated therein; and a deciding mod-
ule for comparing the voltage value detected by the detecting
module and the voltage threshold level set by the setting
module with each other to decide whether it 1s possible to
drive the apparatus.

To attain the above object, in a fourth aspect of the present
invention, there i1s provided a computer-readable storage
medium storing a program according to claim 13.

According to the present invention, in the battery-powered
apparatus configured in such a manner that the battery is
directly attached to the apparatus and the accessory having
the battery incorporated therein 1s attached to the apparatus,
the voltage threshold level 1s set based on whether the battery
or the accessory having the battery incorporated therein has
been attached to the apparatus 1n deciding whether or not the
apparatus can be driven by comparing the detected voltage
value of the battery or the accessory having the battery incor-
porated therein with the voltage threshold level. For this rea-
son, battery check can be performed with accuracy 1rrespec-
tive of whether the battery 1s used as the internal battery or the
external battery. Additionally, it 1s possible to eliminate the
conventional inconveniences that the capacity of the battery
cannot be effectively used and the battery voltage becomes
lower than the unusable voltage.

The other features and advantages of the present invention
will be apparent from the following description taken 1n con-
junction with the accompanying drawings, in which like ref-
erence characters designate the same or similar parts through
the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate an embodi-
ment of the present invention and, together with the descrip-
tion, serve to explain the principles of the present invention.

FIG. 1 15 a block diagram schematically showing the con-
struction of a battery-powered apparatus according to an
embodiment of the present invention.

FIG. 2 1s a block diagram schematically showing the con-
struction of an accessory connected to a camera 1n FIG. 1.

FIG. 3 1s a flowchart showing the procedure of a remaining,
battery level detecting process carried out by a microcom-
puter appearing 1n FIG. 1.

FI1G. 4 15 a flowchart showing the procedure of a variation
of the remaining battery level detecting process carried out by
the microcomputer appearing in FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described 1n detail below with reference to the drawings.

FIG. 1 1s a block diagram schematically showing the con-
struction of a battery-powered apparatus according to an
embodiment of the present invention.

As shown 1n FIG. 1, a camera 100 as a battery-powered
apparatus according to an embodiment of the present mven-
tion has a connection section 101 which 1s recessed so as to fit
therein a battery pack 200 or a connection section 301 of an
accessory 300 1in FIG. 2 as will be described later.

The battery pack 200 1s directly attached to the connection
section 101 of the camera 100.
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Also, the accessory 300 having the battery pack 200 incor-
porated therein 1s attached to the connection section 101 of
the camera 100.

The camera 100 1s comprised of a positive contact 101a
disposed on one side of the connection section 101, a negative
contact 1015 disposed on the other side of the connection
section 101, and a determination contact 101 ¢ disposed on the
bottom of the connection section 101.

The camera 100 1s further comprised of a resistor 105 and
a resistor 106, a BC load circuit 103, and an actuator driving
section 104, which are connected in parallel between the
positive contact 101a and the negative contact 1015. The
camera 100 1s further comprised of a microcomputer 102
which has an AD terminal connected between the resistors
105 and 106, a BCON terminal connected to the BC load
circuit 103, a MON terminal connected to the actuator driving
section 104, and a BATSEL terminal connected to the deter-
mination contact 101c. A resistor 107 1s connected to the
determination contact 101c.

The battery pack 200 1s adapted to be fitted into the con-
nection section 101 of the camera 100, and has, at both ends
thereol, a positive contact 201a which 1s to be connected to
the positive contact 101a, and a negative contact 1015, and
turther has battery cells 202 thereinside.

The determination contact 101¢c determines whether the
battery pack 200 or the accessory 300 has been connected to
the connection section 101. The resistors 105 and 106 divides
a battery voltage between the positive contact 101a and the
negative contact 1015, and the microcomputer 102 detects the
divided voltage through the AD terminal having an analog-
to-digital (A/D) converting function. The resistor 107 pulls up
the BATSEL terminal of the microcomputer 102 which
detects connection status conditions of the determination ter-
minal 101c.

The microcomputer 102 controls the overall operation of
the camera 100, detects the battery voltage as will be
described later, and carries out a remaiming battery level
detecting process 1n FIG. 3 or 4, described later.

In detecting the battery voltage, the microcomputer 102
drives the BCON terminal high, and accordingly, the BC load
circuit 103 operates to draw load current for the actuator
driving section 104. When the microcomputer 102 drives the
MON terminal high, the actuator driving section 104 causes
the entire camera 100 to operate.

FIG. 2 1s a block diagram schematically showing the con-
struction of an accessory connected to the camera 100 1n FIG.
1.

As shown 1n FIG. 2, the accessory 300 1s attached to the
connection section 101 of the camera 100.

The accessory 300 has at one end thereof a connection
section 301 which 1s concaved so as to fit in the connection
section 101 of the camera 100, and at the other end thereof a
connection 302 which 1s recessed so as to fit the battery pack
200 therein.

Also, the accessory 300 1s comprised of a positive contact
301a disposed on one side of the connection section 301, a
negative contact 3015 disposed on the other side of the con-
nection section 301, and a determination contact 301¢ dis-
posed on the top of the connection section 301. The accessory
300 1s further comprised of a positive contact 302a disposed
on one side of the connection 302, and anegative contact 3025
disposed on the other side of the connection 302.

The accessory 300 1s further comprised of a path 303a
which connects the positive contact 301a and the positive
contact 302qa to each other, and a path 3035 which connects
the negative contact 3015 and the determination contact 301c¢
and the negative contact 3025 to one another.
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Since the determination contact 301¢ 1s connected to the
negative electrode contact 3015 and the negative electrode
contact 30256, the microcomputer 102 of the camera 100
detects that the BATSEL terminal 1s low when the accessory
300 1s connected to the connection section 101, and detects
that the BATSEL terminal 1s high when the battery pack 200
1s connected to the connection section 101. Thus, the micro-

computer 102 can determine which member has been con-
nected to the connection section 101 based on the status of the

BATSEL terminal.

FI1G. 3 1s a flowchart showing the procedure of a remaining,
battery level detecting process carried out by the microcom-

puter 102 appearing in FIG. 1.

As shown 1n FIG. 3, first, the BCON terminal 1s driven
high, and a load current IBC for the actuator driving section
104 1s drawn (step S301), and the lapse of the time required
for battery voltage to become stable 1s awaited (step S302).
After that, a battery voltage divided by the resistors 1035 and
106 1s read through the AD terminal and regarded as an AD
value (step S303). The BCON terminal 1s then driven low, and
the passage of the load current 1s terminated (step S304). It 1s
then determined whether or not the BATSEL terminal 1s high
(step S305).

If, as a result of the determination 1n the step S305, the
BATSEL terminal 1s high, it 1s determined that the battery
pack 200 has been attached to the connection section 101 of
the camera 100, and the AD value obtained 1n the step S303
and a criterion of determination AD_BC1 (voltage threshold
level), described later, for use 1n a case where the battery pack
200 has been attached to the connection section 101 of the
camera 100 are compared with each other to determine

whether or not the AD value 1s greater than the criterion of
determination AD_BC1 (step S306).

I, as a result of the determination 1n the step S306, the AD
value 1s greater than the criterion of determination AD_BC1,
it 1s determined that the remaining battery level 1s OK (step
S308), and on the other hand, 1f the AD value 1s smaller than
the criterion of determination AD_BC1, it 1s determined that
the remaining battery level 1s NG (step S309), followed by
terminating the present process.

If, as a result of the determination 1n the step S303, the
BATSEL terminal 1s not high, it 1s determined that the battery
pack 200 has been attached to the connection section 101 of
the camera 100 via the accessory 300, and the AD value
obtained 1n the step S303 and a criterion of determination
AD_BC2 (voltage threshold level), described later, for use in
a case where the battery pack 200 has been attached to the
connection section 101 of the camera 100 via the accessory
300 are compared with each other to determine whether or not

the AD value 1s greater than the criterion of determination
AD_BC2 (step S307).

I, as a result of the determination 1n the step S307, the AD
value 1s greater than the criterion of determination AD_BC2,
it 1s determined that the remaining battery level 1s OK (step
S308), and on the other hand, 1f the AD value 1s smaller than
the criterion of determination AD_BC2, 1t 1s determined that
the remaining battery level 1s NG (step S309), followed by
terminating the present process.

The relationship between the criterion of determination
AD BC1 and the criterion of determination AD BC2 men-
tioned above 1s expressed by an equation (1) given below
using the load current IBC and an increase in impedance
RACC when the battery pack 200 1s attached to the connec-
tion section 101 of the camera 100 via the accessory 300.

AD BCl1=AD BC2+IBCxRACC/VADREFxADBIT

(1)
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where RACC 1s derived from the contact resistances of the
contacts 302a and 30256 of the accessory 300 for connection to
the battery pack 200 and the resistances of the paths 303a and
3035, VADREF designates a reference voltage in A/D con-
version carried out by the microcomputer 102, and ADBIT
designates the number of bits 1n A/D conversion carried out
by the microcomputer 102 and 1s, for example, 256 when the
AD value 1s an 8-bit value.

Accordingly, the criterion of determination AD_BC1 can
be made higher than the criterion of determination AD_BC2
by the increase in impedance RACC when the battery pack
200 1s attached to the connection section 101 of the camera
100 via the accessory 300 and a voltage drop 1n the load
current TBC, and therefore, the end voltage of the battery
pack 200 1tself exhibited when 1t 1s determined that the
remaining battery level 1s NG can be uniform.

Specifically, the remaining battery level of the battery pack
200 which has been attached to the connection section 101 of
the camera 100 via the accessory 300 and of which remaining
battery level has been determined as being NG can be deter-
mined as being NG even when the accessory 300 1s detached
from the connection section 101 of the camera 100 and the
battery pack 200 1s directly attached to the connection section
101 of the camera 100. It should be noted that the criterion of
determination AD BC1 and the criterion of determination
AD_BC2 are set based on the minimum voltage with which 1t
1s possible to drive the camera 100 or the discharge stop
voltage of the battery pack 200 and within such a range as not
to interfere with the operation of the camera 100.

According to the remaining battery level detecting process
in FIG. 3, when the BATSEL terminal 1s detected high (YES
to the step S305) and the AD value 1s smaller than the criterion
of determination AD_BC1 (NO to the step S306), or when the
BATSEL terminal 1s detected low (NO to the step S305) and
the AD value 1s smaller than the criterion of determination
AD_BC2 (NO to the step S307), 1t 1s determined that the
remaining battery level 1s NG (step S309). Accordingly, 1rre-
spective of whether the battery 1s used as the internal battery
or the external battery, 1t 1s possible to perform battery check
with accuracy and make the end voltages of the internal
battery and the external battery coincide with each other.

FIG. 4 1s a flowchart showing the procedure of a variation
of the remaining battery level detecting process carried out by
the microcomputer 102 appearing in FIG. 1.

As shown 1n FIG. 4, first, a battery voltage divided by the
resistor 105 and the resistor 106 i1s read through the AD
terminal and regarded as an AD1 value, a battery voltage
betore voltage dividing 1s regarded as a value VADI1, and a
consumption current determined by the operating state of the
camera 100 1s regarded as 11 (step S401). Next, the BCON
terminal 1s driven high, and a current IBC2 lower than the load
for the actuator driving section 104 1s drawn (step S402), and
the lapse of the time required for battery voltage to become
stable 1s awaited (step 5403). After that, a battery voltage
divided by the resistor 105 and the resistor 106 1s read through
the AD terminal and regarded as an AD2 value, and a battery
voltage before voltage dividing 1s regarded as a value VAD2
(step S404). Further, the BCON terminal 1s driven low, and
the passage of load current 1s terminated (step S405). It 1s then
determined whether or not the BATSEL terminal 1s high (step
S5400).

If, as a result of the determination 1n the step S406, the
BA“SEL terminal 1s high, 1t 1s determined that the battery
pack 200 has been attached to the connection section 101 of
the camera 100, and an 1nternal resistance from the battery
pack 200 to the AD terminal 1s computed using a method
described later from the value AD1 obtained in the step S401
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and the AD2 value obtained in the step S404, a predicted AD
value (AD3 value) of a readout AD value and a predicted
battery voltage VAD3 1n a case where the actuator driving
section 104 or the like 1s actuated at the maximum load
(IMAX) are computed using a method described later, and the
AD3 value and the criterion of determination AD_BC1 (volt-
age threshold level) are compared with each other to deter-
mine whether or not the AD3 value 1s greater than the crite-
rion of determination AD_BC1 (step S407).

I, as a result of the determination in the step S407, the AD3
value 1s greater than the criterion of determination AD_BCI1,
it 1s determined that the remaining battery level 1s OK (step
S5409), and on the other hand, 11 the AD3 value 1s smaller than
the criterion of determination AD_BC1, 1t 1s determined that
the remaining battery level 1s NG (step S410), followed by
terminating the present process.

If, as a result of the determination 1n the step S406, the
BATSEL terminal 1s not high, it 1s determined that the battery
pack 200 has been attached to the connection section 101 of
the camera 100 via the accessory 300, and an internal resis-
tance from the battery pack 200 to the AD terminal 1s com-
puted using a method described later from the ADI value
obtained in the step S401 and the AD2 value obtained 1n the
step S404, a predicted AD value (AD3 value) of areadout AD
value and a predicted battery voltage VAD3 1n a case where
the actuator driving section 104 or the like 1s actuated at the
maximum load (IMAX) are computed using a method
described later, and the AD3 value and the criterion of deter-
mination AD_BC2 are compared with each other to deter-
mine whether or not the AD3 value 1s greater than the crite-
rion of determination AD_BC2 (step S408).

I, as a result of the determination in the step S408, the AD3
value 1s greater than the criterion of determination AD_BC2,

it 1s determined that the remaining battery level 1s OK (step
S5409), and on the other hand, 11 the AD3 value 1s smaller than

the criterion of determination AD_BC2, 1t 1s determined that
the remaining battery level 1s NG (step S410), followed by
terminating the present process.

The above-mentioned internal resistance i1s expressed by
the following equation (2):

Internal resistance=(VAD1-VAD2)/IEC2 (2)

where VADI 1s expressed by the following equation (3),
and VAD?2 1s expressed by the following equation (4):

VAD1=ADIXVADREF/ADBIT (3)

VADR=AD2x VADREF/ADBIT (4)

where VADREF designates a reference voltage in A/D
conversion carried out by the microcomputer 102, and
ADBIT designates the number of bits 1n A/D conversion
carried out by the microcomputer 102, and 1s, for example,
256 when the AD value 1s an 8-bit value.

Further, VAD3 1s expressed by the following equation (5):

(3)

VAD3=VAD2—internal resistancex(/IMAX-I5C2-11)
Also, VAD3 i1s expressed by the following equation (6):

VAD3=AD3XVADREF/ ADBIT (6)

Accordingly, the predicted AD value (AD3 value) men-
tioned above 1s expressed by the following equation (7) based
on the above equations (2) to (6):

AD3=AD2~(AD1-AD)/IBC2x(IMAX-IBC2-11) (7)

According to the variation of the remaining battery level
detecting process 1n FIG. 4, the BCON terminal 1s driven high
and the current IBC2 lower than the load for the actuator
driving section 104 1s drawn (step S402), and when the BAT-
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SEL terminal 1s detected high (YES to the step S406) and the
AD3 value 1s smaller than the criterion of determination
AD_BC1 (NO to the step S407), or when the BATSEL ter-
minal 1s detected low (NO to the step S406) and the AD3
value 1s smaller than the criterion of determination AD B(C2
(NO to the step S408), 1t 1s determined that the remaining
battery level 1s NG (step S410). Accordingly, 1t 1s possible to
detect the remaining battery level of the battery by predicting
the battery voltage at the maximum load (IMAX) without
drawing a current corresponding to the maximum load. Also,
irrespective of whether the battery 1s used as the internal
battery or the external battery, 1t 1s possible to perform battery
check with accuracy and make the end voltages of the internal
battery and the external battery coincide with each other.

The relationship between the criterion of determination
AD BC1 and the criterion of determination AD B(C2 men-
tioned above 1s expressed by:

AD BCl1=4D_ BC2+IMAXXRACC/VADREFxAD-

blT

where RACC 1s derived from the contact resistances of the
contacts 302a and 30256 of the accessory 300 for connection to
the battery pack 200 and the resistances of the paths 303aq and
3035, VADREF designates a reference voltage in A/D con-
version carried out by the microcomputer 102, and ADBIT
designates the number of bits 1n A/D conversion carried out
by the microcomputer 102, and 1s, for example, 256 when the
AD value 1s an 8-bit value.

The above equation differs from the equation (1) of the
above described embodiment 1n that IMAX 1s used instead of
IBC.

Although 1n the above described embodiment, the present
invention 1s applied to the detection of the final remaining
battery level, the present mvention may be applied to the
detection of the intermediate remaiming battery level.

It1s to be understood that the object of the present invention
may also be accomplished by supplying a system or an appa-
ratus with a storage medium i1n which a program code of
software, which realizes the functions of the above described
embodiment 1s stored, and causing a computer (or CPU or
MPU) of the system or apparatus to read out and execute the
program code stored in the storage medium.

In this case, the program code 1tself read from the storage
medium realizes the functions of the above described
embodiment, and hence the program code and the storage
medium 1n which the program code 1s stored constitute the
present 1nvention.

Examples of the storage medium for supplying the pro-
gram code include a floppy (registered trademark) disk, a
hard disk, a magnetic-optical disk, a CD-ROM, a CD-R, a
CD-RW, a DVD-ROM, a DVD-RAM, a DVD-RW, a DVD+
RW, a magnetic tape, a nonvolatile memory card, and a ROM.
Alternatively, the program code may be downloaded via a
network.

Further, 1t 1s to be understood that the functions of the
above described embodiment may be accomplished not only
by executing a program code read out by a computer, but also
by causing an OS (operating system) or the like which oper-
ates on the computer to perform a part or all of the actual
operations based on instructions of the program code.

Further, 1t 1s to be understood that the functions of the
above described embodiment may be accomplished by writ-
ing a program code read out from the storage medium 1nto a
memory provided on an expansion board 1nserted into a com-
puter or 1n an expansion unit connected to the computer and
then causing a CPU or the like provided in the expansion
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board or the expansion unit to perform a part or all of the
actual operations based on 1nstructions of the program code.

The above-described embodiments are merely exemplary
of the present invention, and are not be construed to limit the
scope of the present invention.

The scope of the present invention 1s defined by the scope
of the appended claims, and 1s not limited to only the specific
descriptions 1n this specification. Furthermore, all modifica-
tions and changes belonging to equivalents of the claims are
considered to fall within the scope of the present invention.

This application claims the benefit of Japanese Patent
Application No. 2005-244912 filed Aug. 25, 2005, which 1s

hereby incorporated by reference herein 1n its entirety.

What 1s claimed 1s:

1. A battery-powered apparatus comprising:

a recessed connection section to which either of a battery
pack or an accessory having another recessed connec-
tion section for receiving another battery pack therein 1s
attachable:

a determining unit adapted to determine whether the bat-
tery pack 1s directly attached to the recessed connection
section or the accessory having the another recessed
connection section recerving the another battery pack
therein 1s attached to the recessed connection section;

a setting unit adapted to set a predetermined voltage thresh-
old level based on a result of the determining unit;

a detecting unit adapted to detect a voltage value output
from the battery pack directly attached to the recessed
connection section or the accessory having the another
battery therein; and

a deciding unit adapted to decide whether or not the bat-
tery-powered apparatus 1s drivable, based on the voltage
value detected by the detecting unit,

wherein the setting unit sets the predetermined voltage
threshold level to a first threshold level when the deter-
mining unit determines that the battery pack 1s directly
attached to the recessed connection section, and sets the
predetermined voltage threshold level to a second
threshold level when the determining unit determines
that the accessory having the another recessed connec-
tion section recerving the another battery pack therein 1s
attached to the recessed connection section, the second
threshold level being lower than the first threshold level,
and being set based on an impedance from the another
recessed connection section of the accessory to the
recessed connection section.

2. A battery-powered apparatus according to claim 1,
wherein the first threshold level 1s set based on a minimum
voltage at which the battery pack 1s possible to drive the
apparatus or a discharge stop voltage of the battery pack.

3. A battery-powered apparatus comprising;:

a recessed connection section to which either of a battery
pack or an accessory having another recessed connec-
tion section for receiving another battery pack therein 1s
attachable;
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a determining unit adapted to determine whether the bat-
tery pack 1s directly attached to the recessed connection
section or the accessory having the another recessed
connection section recerving the another battery pack
therein 1s attached to the recessed connection section;

a setting unit adapted to set a predetermined voltage thresh-
old level based on a result of the determining unait;

a detecting unit adapted to detect a voltage value output
from the battery pack directly attached to the recessed
connection section or the accessory having the another
recessed connection section recerving the another bat-
tery pack therein;

a deciding unit adapted to decide whether or not the bat-
tery-powered apparatus 1s drivable, based on the prede-
termined voltage threshold level set by the setting unit
and the voltage value detected by the detecting unit; and

a controller adapted to control the setting unit to set the
predetermined voltage threshold level to a first threshold
level when the determining unit determines that the bat-
tery pack 1s directly attached to the recessed connection
section, and to set the predetermined voltage threshold
level to a second threshold level when the determining
unit determines that the accessory having the another
recessed connection section recerving the another bat-
tery pack therein 1s attached to the recessed connection
section, the second threshold level being lower than the
first threshold level, and being set based on an 1imped-
ance of an electrical circuit from the another recessed
connection section of the accessory to the recessed con-
nection section.

4. A battery-powered apparatus according to claim 3,
wherein the first threshold level 1s set based on a minimum
voltage at which the battery pack 1s possible to drive the
apparatus or a discharge stop voltage of the battery pack.

5. A battery-powered apparatus according to claim 1,
wherein the setting unit sets the predetermined voltage
threshold level to a second threshold level lower than the first
threshold level based on an impedance of an electric circuit
from the another recessed connection section of the accessory
to the recessed connection section and a load current of the
apparatus, when the determining unit determines that the
accessory having the another recessed connection section
receiving the another battery pack therein 1s attached to the
recessed connection section.

6. A battery-powered apparatus according to claim 3,
wherein the controller sets the predetermined voltage thresh-
old level to a second threshold level lower than the first
threshold level based on an impedance of an electric circuit
from the another recessed connection section of the accessory
to the recessed connection section and a load current of the
apparatus, when the determining unit determines that the
accessory having the another recessed connection section
receiving the another battery pack therein 1s attached to the
recessed connection section.
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